An additional Z 6 symmetry hidden in the fermion and Higgs sectors of the Standard Model has been found recently [1] . A lattice regularization of the Standard Model was constructed that possesses this symmetry. In [2] we have reported our results on the numerical simulation of the electroweak sector of the model. In this paper we report our results on the numerical simulation of the full (SU (3) ⊗ SU (2) ⊗ U (1) ) model. The phase diagram of the model has been investigated using static quark and lepton potentials. Various types of monopoles have been constructed. Their densities appear to be sensitive to the phase transition lines. Differences between the realizations of the Standard Model which do or do not possess the mentioned Z 6 symmetry, are discussed.
Introduction
Until recently it was thought that all the symmetries of the Standard Model (SM), which must be used when dealing with its discretization, are known. However, in [1] it was shown that there exists an additional Z 6 = Z 2 ⊗ Z 3 symmetry in the fermion and Higgs sectors of the SM. It is connected to the centers Z 3 and Z 2 of the SU(3) and SU(2) subgroups 1 . The gauge sector of the SM (in its discretized form) was redefined in such a way that it has the same naive continuum limit as the original one, while keeping the mentioned symmetry. The resulting model differs from the conventional SM via its symmetry properties. Therefore we expect, that nonperturbatively these two models may represent different physics.
Investigation of the electroweak sector of the SM with the additional Z 6 symmetry shows, that there are indeed certain differences between this discretization and the conventional one [2] . Namely, it has been found that the phase transition lines corresponding to the U(1) and SU(2) degrees of freedom join in a triple point, forming a common line. In contrast to this, in the conventional model the phase transition line corresponding to SU(2) degrees of freedom has an endpoint and the transition becomes continuous in a certain region of coupling constants [4] . In this paper we report our results on the full SM (including SU(3) degrees of freedom) and claim that the same phenomenon takes place here. Now the SU(3), SU (2) and U(1) degrees of freedom are connected via their centers. This, in our opinion, is the reason why the phase transition lines corresponding to the phase transitions in pure U(1) and SU(2) models again join together forming a common line. It turns out that SU(3) fields experience this common phase transition as well.
This paper is organized as follows. In the next section we summarize the formulation of the SM in terms of link variables and demonstrate the emergence of an additional Z 6 symmetry in its fermion and Higgs sectors. In Sect. 3 we detail the model with explicit Z 6 symmetry on the lattice, while in Sect. 4 we recall the definition of the maximal center projection. The next section contains the definitions of the quantities we measure on the lattice; it is followed by Sect. 6 where we show our numerical results. We end with a summary.
Z 6 symmetry in the Standard Model
In this section we remind the reader of what we call the additional Z 6 symmetry. The SM contains the following variables:
1. The gauge field U = (Γ, U, θ), where
realized as link variables on the lattice.
3. Anticommuting spinor variables, representing leptons and quarks: The action has the form
where we denote the fermion part of the action by S f , the pure gauge part is denoted by S g , and the scalar part of the action by S H . In any lattice realization of S H and S f both these terms depend upon link variables U considered in the representations corresponding to quarks, leptons, and the Higgs scalar field, respectively. Therefore U appears in the combinations shown in the table. Our observation is that all the listed combinations are invariant under the following transformations:
where N is an arbitrary integer link variable. It represents a three-dimensional hypersurface on the dual lattice. Both S H and S f (in any realization) are invariant under the simultaneous transformations (5) . This symmetry reveals the correspondence between the centers of the SU(2) and SU(3) subgroups of the gauge group. After integrating out fermion and scalar degrees of freedom any physical variable should depend upon gauge invariant quantities only. Those are the Wilson loops:
Here C is an arbitrary closed contour on the lattice (with self -intersections allowed). These Wilson loops are trivially invariant under the transformation (5) with the field N representing a closed three-dimensional hypersurface on the dual lattice. Therefore the nontrivial part of the symmetry (5) corresponds to a closed two-dimensional surface on the dual lattice that is the boundary of the hypersurface represented by N. Then in terms of the gauge invariant quantities ω the transformation (5) acquires the form:
Here Σ is an arbitrary closed surface (on the dual lattice) and L(C, Σ) is the integer linking number of this surface and the closed contour C. From (6) it follows, that the symmetry is of Z 6 type.
The model under investigation
It is obvious that the pure gauge-field part of the action in its conventional continuum formulation (or, say, in lattice Wilson formulation) is not invariant under (6) . However, the lattice realization of the pure gauge field term of the action can be constructed in such a way that it also preserves the mentioned symmetry. For the reasons listed in [1] we consider it in the following form:
Tr U p cos θ p ) +
where the sum runs over the elementary plaquettes of the lattice. Each term of the action Eq. (7) corresponds to a parallel transporter along the boundary ∂p of plaquette p. The corresponding plaquette variables constructed of lattice gauge fields are
, and
The potential for the scalar field is considered in its simplest form [2] in the London limit, i.e., in the limit of infinite bare Higgs mass. After fixing the unitary gauge we obtain:
The following variables are (naively) considered as creating a photon, Z boson, and W boson respectively:
Here, µ represents the direction (xy). After fixing the unitary gauge the electromagnetic U(1) symmetry remains:
where g x = diag(e iαx/2 , e −iαx/2 ). The fields A, Z, and W transform as follows:
We consider our model in quenched approximation, i.e., we neglect the effect of virtual fermion loops. Therefore the particular form of S f is not of interest for us at this stage.
In order to extract physical information from the SU(3) fields in a particulary simple way we use the so-called indirect Maximal Center Projection (see, for example, [5, 6] ).
The Maximal Center Projection.
The Maximal Center Projection makes the link matrix Γ as close as possible to the elements of the center Z 3 of SU (3):
The procedure works as follows.
First, make the functional
maximal with respect to the gauge transformations Γ xy → g † x Γ xy g y , thus fixing the Maximal Abelian gauge. As a consequence every link matrix becomes almost diagonal.
Secondly, to make this matrix as close as possible to the center of SU (3), make the phases of the diagonal elements of this matrix maximally close to each other. This is done by minimizing the functional
with respect to the gauge transformations. This gauge condition is invariant under the central subgroup Z 3 of SU(3).
In our model SU(3) fields are connected with the U(1) and SU(2) fields via the center of the gauge group. Therefore, instead of the center vortices and center monopoles we define various kinds of monopole -like fields. The definitions of these fields includes the following integer-valued link variable N (defined after fixing the Maximal Center gauge):
In other words, N = 0 if Γ is close to 1, N = 1 if Γ is close to e 2πi/3 and N = −1 if Γ is close to e −2πi/3 . Next, we define the following link fields , and U 11 (being considered independently of each other) are expected to be disordered. This assumption is justified by the numerical simulations.
Quantities to be measured
We investigated five types of monopoles. The monopoles, which carry information about colored fields are extracted from C i :
(Here we used the notations of differential forms on the lattice. For a definition of those notations see, for example, [7] .) Pure U(1) monopoles, corresponding to the second term in (7), are extracted from 2θ:
The electromagnetic monopoles, corresponding to the first term in (7), are:
The density of the monopoles is defined as follows:
where L is the lattice size. To understand the dynamics of external charged particles, we consider the Wilson loops defined in the fermion representations listed above (in the θxy .
Here l denotes a closed contour on the lattice. We consider the following quantity constructed from the rectangular Wilson loop of size a × t:
A linear behavior of V(a) would indicate the existence of a charge -anti charge string with nonzero tension.
Numerical results
In our calculations we investigated lattices L 4 for L = 6, L = 12, and L = 16 with symmetric boundary conditions. We summarize our qualitative results in the phase diagram represented in Fig. 1 . The model contains three phases. The first one (I) is a phase, in which the dynamics of external leptons is confinement -like, i.e. is similar to that of external charges in QCD with dynamical fermions. In the second phase (II) the behavior of left-handed leptons is confinement-like, while for right-handed ones it is not. The last one (III) is the Higgs phase, in which no confining forces between leptons are observed at all. In all three phases there is the confinement of all external quark fields (left quarks, right up quarks, right down quarks). This is illustrated by Figs By making a linear fit to the lepton potentials at values a ≥ 5 we found that only in the case of left-handed leptons the value of the string tension is much larger than its statistical uncertainty in phase II. For left-handed leptons in the Higgs phase and right-handed leptons in both phases, the uncertainty in the values of the string tension turns out to be larger than about 24% of its value. In these cases we do not consider the string tension to be significantly different from zero. However, as for QCD with dynamical fermions or the SU(2) fundamental Higgs model [10, 11] , these results do not mean that confinement of leptons occurs. The charge -anti charge string must be torn by virtual charged scalar particles, which are present in the vacuum due to the Higgs field. Thus V(a) may be linear only at sufficiently small distances, while starting from some distance it must not increase, indicating the breaking of the string. Unfortunately the accuracy of our measurements does not allow us to observe this phenomenon in detail.
The connection between the properties of monopoles and the phase structure of the model is illustrated by Figs. 3, which shows the monopole density versus β at fixed γ = 0.5. Again we represent here only one type of the three monopoles, which have colored origin. Namely, we consider j C 1 . (Behavior of the others is similar.) One can see, that the density of the 2θ -monopoles as well as C 1 -monopoles falls sharply in phase II, while the electromagnetic monopole density does not.
We note here, that according to our measurements the electromagnetic monopole density falls to zero while shifting from phases I to III. The colored monopoles and 2θ -monopole densities fall sharply in the phase III as well. Thus monopoles composed of colored fields feel the phase transition, which are due, according to our intuition, to the U(1) variables. This happens again because the Z 6 symmetry binds U(1) variables with the center of the SU(3) subgroup of the gauge group.
As in [2] we mention here that the SU(2) fundamental Higgs model, has a similar phase structure as our model, except for the absence of the phase transition line between phases I and II. In the latter model it was shown that different phases are actually not different. This means that the phase transition line ends at some point and the transition between two states of the model becomes continuous. Thus one may expect that in our model the phase transition line between phases I and III ends at some point. However, we do not observe this for the considered values of couplings.
In our model both phase transition lines join in a triple point, forming a common line. This is, evidently, the consequence of the mentioned additional symmetry that relates SU(2) , U(1), and SU(3) excitations. The same picture, of course, does not emerge in the conventional SU(3) ⊗ SU(2) ⊗ U(1) gauge -Higgs model: its SU(2) ⊗ U(1) part was investigated, for example, in [4] . As for the SU(3) gauge theory, it has no phase transition at finite β and zero temperature at all.
Conclusions
We summarize our results as follows:
1. We performed a numerical investigation of the quenched lattice model that respects the additional symmetry.
2. The lattice model contains three phases. In the first phase the potential between static leptons is confinement-like. In the second phase the confining forces are observed, at sufficiently small distances, between the left-handed external leptons. The last one is the Higgs phase, where there are no confinement -like forces between static leptons at all.
3. Investigation of the monopoles constructed of colored fields shows that colored fields feel the phase transition lines.
4. In all phases of the model we observe confinement of quarks. The string tensions for different kinds of quarks are equal to each other.
5. The main consequence of the emergence of the additional symmetry is that the phase transition lines corresponding to the SU(2) and U(1) degrees of freedom join in a triple point forming a common line. This reflects the fact that the SU(2) and U(1) excitations are related due to the mentioned symmetry. The same situation does not occur in the conventional SU(2) ⊗ U(1) gauge -Higgs model [4] .
So, we have found a qualitative difference between the conventional discretization and the discretization that respects the invariance under the transformations given in Eq. (6).
In order to discuss possible consequences of this difference, let us recall two basic facts about lattice realizations of the SM:
A The whole SM on the lattice has no nontrivial continuum limit and should be considered as a finite cutoff theory.
B The conventional gluodynamics formally has a continuum limit, but in this continuum limit singular configurations of colored fields survive. This was proved in one of our previous works [8] and independently in Ref. [9] .
The mentioned Z 6 symmetry couples the center of SU(3) fields with the electroweak fields. If the continuum limit of the SM (with an additional Z 6 symmetry) would exist, in this continuum theory the action for the gauge field contains an additional unusual coupling of singular colored fields to regular electroweak fields 2 , and does not contain any coupling of regular colored fields to regular electroweak fields [2] .
So, up to corrections of the order of Energy/Λ U V (where Λ U V is the finite ultraviolet cutoff) we expect, that the following two possibilities could be realized:
1. Similar to pure gluodynamics [9] singular configurations survive in the continuum limit due to the balance of entropy and action. So, the mentioned nontrivial coupling survives as well.
2. Contrary to the pure SU(3) theory in our model entropy cannot balance the action of singular fields. As a result, in the continuum theory (up to corrections of the order of Energy/Λ U V ) the mentioned coupling is absent.
We do not know for sure what scenario is realized in practise. However, we expect that the second one is more realistic. We guess that colored singularities are suppressed due to their coupling to electroweak fields, while the electroweak fields themselves suppress their own singularities. Anyway, we would say, in both cases the SM with an additional Z 6 symmetry differs from the conventional one. (In the second case this difference means, mainly, that singular configurations are suppressed contrary to the conventional theory, where they survive and, moreover, play an important role in the description of confinement [8, 9] .)
As for the conventional SM phenomenology, we do not expect that it is broken in both scenarios mentioned. However, the quantitative nonperturbative results (say, lattice data for the masses of bound states) could be different from the ones obtained via the usual lattice realization of the SM. 
